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Abstract 
The barbell trajectory of snatch weightlifting has been investigated by several researchers. They suggested three optimal 
trajectory patterns (type A, B and C).  But, there is no agreement for introducing the best overall trajectory. One probable reason 
would be this idea that the selected criterion used by the previous researchers might not be appropriate. Therefore we used a 
mathematical approach to judge between the conflicts. We made a multi-segments biomechanical model to evaluate the snatch 
motions while considering the selected mechanical cost. This method is an appropriate tool for coaches to examine several 
trajectories for making a good decision. 
PACS: 45.10.Db; 45.20.Jj; 45.40.Ln 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The barbell trajectory of snatch has been investigated by several researchers. They have categorized the optimal 
lifting motion patterns and introduced several optimal trajectories for snatch weightlifting. Vorobyev [1] suggested 
three barbell movement patterns (type A, B, and C) for snatch weightlifting (Fig. 1). Garhammer [2] suggested the 
pattern type A while Baumann et al. [3] reported the type B is the best, and finally, Hiskia [4] concluded from his 
investigations that the type C is more common than the other types. One reason to this inconsistency is this idea that 
the selected criterion used by above researchers might not be appropriate.  
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Fig. 1. Three types of barbell trajectory in snatch weightlifting 
This criterion was the weightlifters’ success to do the snatch. Therefore we offer a mathematical approach to 
judge between the conflicts. We used a biomechanical model to evaluate the motions while considering the specific 
mechanical criteria. By using dynamic programming approach we choose the best possible motion according to each 
trajectory. Comparing the costs of these suggested trajectories, we would be able to introduce the best of them. 
2. Methods 
A set of motion equations and a criterion equation should be solved together. This situation forms a problem in 
optimal control domain. One of the possible solving methods is the direct search approach which searches between 
all solutions of motion equations to find a solution which fulfils the criterion equation. But using this method 
without any specific search pattern is not practical. There are many algorithms to conduct the search like Genetic 
algorithm and dynamic programming [5]. We use latter because of its better and faster response. 
2.1. Modeling 
The anthropometric models can be used to build a biomechanical model of a weightlifter. In proposed model, the 
body segments converted into solid links and the body joints converted into simple revolute joints. We simplified 
this model to a five-link two-dimensional sagittal model which can be used for modeling the weightlifting or other 
general lifting activities [6-7]. This model is made by five links by which shank, thigh, trunk, upper arm and forearm 
are represented, named L1 to L5. Also, five body joints: ankle, knee, hip, shoulder and elbow are represented O1 to 
O5 respectively (Fig. 2). 
The model motion can be described by five relative joint coordinates (1) and equations of motion may be derived 
by Lagrange’s formula (2) where aiQ   represents the joint actuating torque and diQ   is joint dissipative torque. 
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2.2. Constraints 
Initial conditions are the angular position of each joint and the barbell velocity at the beginning of motion. Final 
conditions are the position and velocity of barbell at the end of second pulling phase. We have to prescribe bounds 
on the joint coordinates, defined by (3) where the lower and upper limits are specified [8]. Also, actuated joint 
torques have limited values defined by (4) according to Chaffin & Anderson [9].  
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2.3. Criteria Functions 
We selected two criteria, the actuating joint torques and the total power consumption, and calculated the cost of 
each trajectory for both of them. Therefore the criteria functions were: 
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2.4. Optimization Algorithm 
Because of model redundancy, we encountered many solutions, i.e., many joint patterns combine together to 
make the same trajectory. We want to choose the best solution for each trajectory. We divided the joint angles space 
into discrete values and consider all possible solutions using dynamic programming approach. We calculated all 
costs from each point in i th step to each point in )1( +i th step. We saved them in a table and started the main 
algorithm. We read the cost of all points in second step from the table. These values are the minimum cost of each 
point in second step. Then we calculated the minimum cost of each point in the third step in this manner: From each 
point we considered the corresponding cost to the previous points in second step and from latter point to the first 
initial point. We checked all possible motions and found the minimum cost relating to each point in third step. We 
called this cost as the )(Costmin
,ikP  where ikP ,  was the k th point in i th step. We continued this procedure to reach 
the points in final step. The mathematical notations of the above mentioned procedure are: 
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The total number of acceptable point in step i  is )(in . After all, we found the point with minimum cost in final 
step. This was the minimum cost from initial point to final state and it was the criterion cost related to each specified 
trajectory. 
  
Fig. 2. Biomechanical model of a weightlifter at initial position 
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2.5. Snatch Weightlifting Examples 
We solved two problems for a weightlifter with 80 (kg) mass and 1.80 (m) height who lifts the 100 (kg) and 200 
(kg) barbells by snatch technique. We selected two above mentioned optimizing criteria (5) and solved our problems 
between the start of snatch and the start of catch phase respectively. Considering the snatch description by Derwin 
[10] the start of catch phase were selected in a manner that the barbell had a good condition, i.e. height and velocity, 
to continue its motion and the weightlifter was able to move under the bar quickly. 
3. Results 
We search for the best trajectory to recommend to the weightlifter. Fig. 3 shows the best possible motion of model 
in trajectories A and C in the case of 100 (kg) barbell weight when considering the actuated joint torques as a 
criterion function. The most important result of this simulation is the cost assigned to each trajectory. Fig. 4 shows 
the costs of each trajectory as a percentage of the maximum corresponding costs while considering both criteria 
functions for 100, and 200 (kg) barbell weights. 
4. Discussion 
We found that when the actuating joint torques was the optimization criterion, we recommend the pattern type C 
for two barbell weights which is in agreement with Hiskia’s suggestion [4]. But when the total power consumption 
was the selected criterion, we were not able to recommend a unique best trajectory. The trajectories type A and C 
has the highest and lowest cost of actuating torques respectively. Therefore if we select the actuated joint torques as 
the criterion for defining the best trajectory we will be able to suggest a specific pattern type C as the best trajectory 
for these two barbell weights. 
Therefore if someone wants to calculate the best trajectory according to power consumption cost, he/she should 
rerun the program considering the exact weight of barbell. But if he/she agrees with us about the criterion for 
optimal trajectory, i.e. actuated joint torques, we recommend the pattern type C as the best trajectory. Hence our 
answer for the best trajectory is type C. 
An important point is that these results have been obtained for a specific weightlifter with some specific 
characteristics like mass and height. If these characteristics change according to another weightlifter, we will able to 
extract the results tailored to him/her. This is the big advantage of the modeling approach that we can repeat the 
evaluation of problem with any input data. 
We introduce a useful method based on mechanical relations to judge about previous findings and give a 
measurement tool to evaluate and compare them. Now, each trajectory can be evaluated clearly and without any 
ambiguity. This method is an appropriate tool for coaches and gives them the ability to examine each suggested 
trajectory for any specific weightlifter and make a good decision for selecting the best trajectory. Based on the 
model results, they can advise the weightlifters to reach to a better performance. 
Fig. 3. Best possible motion for snatch lift; (A): trajectory type A (left), and (C): trajectory type C (right)    
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Fig. 4. Cost of each trajectory based on actuating joint torques and power consumption for 100 (kg) barbell (left) and for 200 (kg) barbell (right) 
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